We tested the hypothesis that acute administration of oral dehydroepiandrosterone (DHEA) during episodes of repeated hypoglycemia can prevent the development of hypoglycemia-associated neuroendocrine and autonomic failure in healthy humans. Twenty-seven individuals (16 men, 11 women) participated in two separate randomized, single-blind, 2-day protocols. Day 1 consisted of morning and afternoon 2-h hypoglycemic clamps (2.9 mmol/L) with 800 mg of DHEA or placebo administered before each clamp. Day 2 consisted of a single 2-h hypoglycemic clamp (2.9 mmol/L) following either DHEA (1,600 mg) or placebo. A 3-tritiated glucose was used to determine glucose kinetics during hypoglycemia on day 2. Antecedent hypoglycemia with placebo resulted in significant reductions of epinephrine, norepinephrine, glucagon, growth hormone, cortisol, endogenous glucose production, and lipolytic and symptom responses. During hypoglycemia on day 2, DHEA prevented blunting of all neuroendocrine, autonomic nervous system (ANS), metabolic, and symptom counterregulatory responses following hypoglycemia on day 1. In summary, DHEA can acutely preserve a wide range of key neuroendocrine, ANS, and metabolic counterregulatory homeostatic responses during repeated hypoglycemia. We conclude that DHEA may have acute effects to protect against hypoglycemia-associated neuroendocrine and autonomic failure in healthy humans.
We tested the hypothesis that acute administration of oral dehydroepiandrosterone (DHEA) during episodes of repeated hypoglycemia can prevent the development of hypoglycemia-associated neuroendocrine and autonomic failure in healthy humans. Twenty-seven individuals (16 men, 11 women) participated in two separate randomized, single-blind, 2-day protocols. Day 1 consisted of morning and afternoon 2-h hypoglycemic clamps (2.9 mmol/L) with 800 mg of DHEA or placebo administered before each clamp. Day 2 consisted of a single 2-h hypoglycemic clamp (2.9 mmol/L) following either DHEA (1,600 mg) or placebo. A 3-tritiated glucose was used to determine glucose kinetics during hypoglycemia on day 2. Antecedent hypoglycemia with placebo resulted in significant reductions of epinephrine, norepinephrine, glucagon, growth hormone, cortisol, endogenous glucose production, and lipolytic and symptom responses. During hypoglycemia on day 2, DHEA prevented blunting of all neuroendocrine, autonomic nervous system (ANS), metabolic, and symptom counterregulatory responses following hypoglycemia on day 1. In summary, DHEA can acutely preserve a wide range of key neuroendocrine, ANS, and metabolic counterregulatory homeostatic responses during repeated hypoglycemia. We conclude that DHEA may have acute effects to protect against hypoglycemia-associated neuroendocrine and autonomic failure in healthy humans.
Hypoglycemia remains a major obstacle for obtaining good metabolic control in clinical practice and is associated with severe adverse events in individuals with either type 1 or type 2 diabetes (1,2). Hypoglycemia occurs clinically as a result of a relative excess of insulin, often coupled with acquired deficient neuroendocrine and autonomic nervous system (ANS) counterregulatory responses (3) . These acquired deficient counterregulatory responses (called hypoglycemiaassociated autonomic failure) can occur rapidly after only one episode of antecedent hypoglycemia (4) . Significant progress has been achieved in understanding the mechanisms responsible for the acquired deficient counterregulatory responses present in individuals with diabetes (5) . Previous work has demonstrated that, because of the importance of maintaining an adequate glucose supply to the brain, there is a wide network of central nervous system (CNS) receptors, nuclei, and neurotransmitters that can regulate counterregulatory responses during hypoglycemia (6) (7) (8) (9) (10) . Thus, although several CNS mechanisms have been implicated, a single cause for the syndrome of hypoglycemiaassociated counterregulatory failure has not been defined. Despite this, several experimental approaches have been used to improve counterregulatory responses during hypoglycemia, including a period of scrupulously avoiding hypoglycemia (5) and a series of innovative pharmacologic interventions to block or activate CNS pathways (11) (12) (13) (14) . All have provided some success, but none have been able to completely reverse the syndromes of hypoglycemiaassociated autonomic failure.
Dehydroepiandrosterone (DHEA) and its sulfated metabolite (DHEA-S) are naturally occurring steroid hormones that have been demonstrated to have anti-g-aminobutyric acid (GABA), anticorticosteroid, stimulatory nitric oxide (15) , and N-methyl-D-aspartate agonist effects-all of which would be predicted to augment counterregulatory responses during repeated hypoglycemia. Supporting this approach, we previously demonstrated that high-dose intravenous infusions of DHEA during repeated hypoglycemia in a conscious rat model preserves neuroendocrine and ANS counterregulatory responses (16) . Rats, unlike humans, do not have circulating concentrations of DHEA, and thus it is unknown whether the hormone would also have similar protective counterregulatory effects in humans. Therefore in this study we tested the hypothesis that oral DHEA could acutely protect and prevent hypoglycemia-associated counterregulatory failure during repeated hypoglycemia in healthy humans. The glucose clamp technique was used during 2-day repeated hypoglycemia studies to control insulin and glycemic levels. DHEA (800 mg twice on day 1 and 1,600 mg on day 2) or placebo were administered before hypoglycemic clamps to determine the acute effects of the hormone on subsequent neuroendocrine, ANS, and metabolic counterregulatory responses.
RESEARCH DESIGN AND METHODS

Participants
Twenty-seven healthy individuals (16 men and 11 women; mean 6 standard deviation age, 28 6 1 years; BMI 26 6 1 kg/m 2 ) were randomly allocated to participate in two separate, single-blind, 2-day protocols (Fig. 1) . Four individuals participated in both studies (with a minimum of 3 months between studies), resulting in 15 participants (7 men, 8 women) in the placebo group and 16 participants (11 men, 5 women) in the DHEA group.
Participants were nonsmokers with normal liver, renal, and hematologic parameters. Subjects who were 40 years old underwent a standard Bruce cardiac stress test to exclude silent ischemia (17) . Studies were approved by the University of Maryland human subjects institutional review board, and all subjects gave informed written and verbal consent.
Experimental Design
All participants were instructed to avoid intense exercise and alcohol and to consume their usual weight-maintaining diet for 3 days before each study. Each participant was admitted to the University of Maryland Clinical Research Center the evening before an experiment. The next morning, after an 10-h overnight fast, participants had intravenous cannula placed in both arms under local 1% lidocaine anesthesia. One cannula was placed in a retrograde fashion into a vein in the back of a hand. This hand was placed in a heated box (55-60°C) so that arterialized blood could be obtained (18) . The other cannula was placed in the contralateral arm for infusions of dextrose solution, insulin, potassium chloride, and tritiated labeled glucose.
Day 1 Hypoglycemia
Day 1 began with a baseline period (0-120 min) followed by a 2-h hyperinsulinemic-hypoglycemic experimental clamp period (120-240 min). One hour before each experimental clamp period (morning and afternoon), participants were given orally either 800 mg DHEA or placebo (100% parity; KEBD Enterprises, LLC, Lakewood, CO). At the start of the experimental period, a primed continuous infusion of insulin (Eli Lilly, Indianapolis, IN) was administered at a rate of 9 pmol/kg/min for 120 min (Fig. 1 ). Potassium chloride (5 mmol/h) was also infused during the morning and afternoon clamp periods to reduce insulin-induced hypokalemia. Plasma glucose concentrations were measured every 5 min, the rate of glucose reduction was controlled (;0.08 mmol/min), and the hypoglycemic nadir (2.9 6 0.1 mmol/L) was achieved and held constant using a modification of the glucose clamp technique (19) . After completing the initial 2-h clamp period, the insulin infusion was stopped and a 2-h period of euglycemia was maintained using 20% dextrose infusion. At that point, insulin was restarted, and a second hyperinsulinemic-hypoglycemic clamp (similar to that used in the morning study) was performed (Fig. 1) . Electrocardiography was recorded continuously and blood pressure every 10 min throughout all 2-h hyperinsulinemichypoglycemic clamps. Upon completion of the second glucose clamp, subjects consumed a standardized meal, a bedtime snack, and remained in the Clinical Research Center.
Day 2 Hypoglycemia
Day 2 followed a similar pattern to the day 1 procedures. All studies started after a 10-h overnight fast and consisted of a tracer equilibration period (0-120 min) and a 120-min experimental period (120-240 min). A primed (18 mCi) continuous infusion (0.18 mCi/min) of highperformance liquid chromatography-purified [3-3H] glucose (11.5 mCi/mmol/L; PerkinElmer Life Sciences, Boston, MA) was administered starting at 0 min and continued throughout the study to measure glucose kinetics. One hour before the morning hypoglycemic clamp, participants received 1,600 mg DHEA or placebo. As in day 1, an electrocardiogram was recorded continuously and blood pressure every 10 min throughout the 2-h hyperinsulinemichypoglycemic clamps.
Tracer Calculations
Endogenous glucose production (EGP) was calculated according to the method described by Wall et al. (20) , in which the total rate of appearance (comprising both EGP and any exogenous glucose infused to maintain the desired euglycemia) is determined and then the amount of exogenous glucose infused is subtracted from it. It is now recognized that this approach is not fully quantitative, since total rate of appearance and rate of disappearance can be underestimated. The use of a highly purified tracer and taking measurements under steady-state conditions (i.e., constant specific activity) eliminates most, if not all, of the problems. To minimize changes in specific activity, the tracer infusion was proportionally increased, as necessary, commensurate with the changes of the exogenous glucose infusion rate. Glucose kinetics are only reported in this article when glucose specific activity (disintegrations per minute [dpm]/mmol) is proven to be in a steady state (coefficient of variation [CV] ,5.0%) and include baseline values and the final 30 min of glucose clamps.
Analytical Methods
The collection and processing of blood samples have been described elsewhere (11) . Plasma glucose concentrations were measured in triplicate with a glucose analyzer (Beckman, Fullerton, CA) using the glucose oxidase method. Glucagon was measured according to the method described by Aguilar-Parada et al. (21) with an interassay CV of 12%. Insulin was measured as previously described (22), with an interassay CV of 11%. Catecholamines were determined by high-pressure liquid chromatography as previously described (23) , with an interassay CV of 12% for epinephrine and 8% for norepinephrine. Growth hormone (24) (interassay CV 8%), cortisol (Clinical Assays g Coat Radioimmunoassay Kit; interassay CV 6%), and pancreatic polypeptide (25) (interassay CV 8%) were measured using radioimmunoassay techniques. Lactate and glycerol were measured from deproteinized whole blood using the method described by Lloyd et al. (26) . Nonesterified fatty acids (NEFAs) were measured using a kit from Wako Diagnostics (27) . DHEA (interassay CV 8.3%), and DHEA-S (interassay CV 9.17%) were measured using ELISA techniques using kits from Rocky Mountain Diagnostics Inc. (Colorado Springs, CO) and Alpco (Salem, NH), respectively.
Cardiovascular Parameters
Heart rate and systolic, diastolic, and mean arterial blood pressures were measured noninvasively using a Dinamap vitals monitor (Critikon, Tampa, FL) every 10 min.
Autonomic and Neuroglycopenic Symptom Responses
Autonomic and neuroglycopenic symptom responses were assessed by a questionnaire administered before and every 15 min throughout the hypoglycemic clamps (28) .
Statistical Analysis
Data are expressed as mean 6 SE. Data from the DHEA and placebo groups were analyzed using standard, unpaired, parametric one-and two-way ANOVA with repeated measures as appropriate (Graph Pad Software, Inc., San Diego, CA). Tukey post hoc analysis was used to delineate significance within each group. Baseline to final 30 min day 1 and day 2 values and responses within hypoglycemic clamps for each group (DHEA and placebo) were also compared using paired, two-tailed t tests. A P value ,0.05 was accepted as statistically significant.
RESULTS
Day 1 Glucose and Insulin
Plasma glucose concentrations were equivalent (2.9 6 0.1 mmol/L) during day 1 morning and afternoon hypoglycemia studies with or without DHEA (Fig. 2) . Plasma insulin concentrations during day 1 studies were similar among all groups (764 6 91 pmol/L) (Fig. 2) .
Day 2 Glucose and Insulin
During day 2, plasma glucose (2.9 6 0.04 mmol/L) and insulin concentrations (736 6 86 pmol/L) were similar in both groups (Fig. 2) .
ANS Responses
Baseline values of norepinephrine and pancreatic polypeptide were similar at the start of the day 1 and day 2 studies. Day 2 baseline epinephrine levels in the placebo group versus day 1 baseline epinepherine level values in the DHEA group (Table 1) .
Day 2 plasma epinephrine responses in the placebo group (D 2,094 6 311 pmol/L) ( 
Neuroendocrine Counterregulatory Hormones
Baseline values of glucagon, growth hormone, and cortisol were similar at the start of all study days (Table 1) . Day 2 plasma glucagon responses in the placebo group 
Glucose Kinetics
Baseline rates of glucose kinetics were similar at the start of day 2 studies (Table 1) . Steady-state values of glucose specific activity (CV ,3.0%) were obtained in both groups at the start and during the final 30 min of the glucose clamps ( Table 2) . Rates of EGP during the final 30 min of hypoglycemia on day 2 were increased (P , 0.04) following DHEA (11.4 6 1.3 mmol/kg/min) compared with placebo (7.7 6 1.1 mmol/kg/min) (Fig. 4) . Glucose infusion rates during the final 30 min of hypoglycemia on day 2 were significantly reduced (P , 0.009) following DHEA administration (1.7 6 0.7 mmol/kg/min) compared with placebo (6.1 6 1.4 mmol/kg/min). The glucose disposal rates during the final 30 min on day 2 were similar in both groups: 13.7 6 1.8 mmol/kg/min in the placebo group, 13.2 6 0.9 mmol/kg/min in the DHEA group (Fig. 4) .
Intermediary Metabolism
Baseline levels of glycerol and NEFAs were similar at the start of all study days (Table 1) . Day 2 plasma glycerol concentrations were lower (P = 0.01) (50 6 8 mmol/L) compared with day 1 hypoglycemia (67 6 7 mmol/L). After DHEA administration, day 1 plasma glycerol concentrations (71 6 12 mmol/L) were maintained at values similar to day 2 hypoglycemia (66 6 12 mmol/L) (Fig. 4) .
Plasma NEFA concentrations during the final 30 min on day 2 in the placebo group (85 6 11 mmol/L) were also reduced (P , 0.0004) compared with day 1 hypoglycemia (124 6 11 mmol/L) but were not significantly changed in the DHEA group (day 1: 136 6 28, day 2: 116 6 22 mmol/L).
Plasma lactate responses were reduced during day 2 hypoglycemia (D 0.5 6 0.1 mmol/L; P = 0.005) compared with day 1 hypoglycemia (D 0.9 6 0.1 mmol/L) in the placebo group. DHEA administration resulted in similar 
Cardiovascular Responses
Baseline values of cardiovascular parameters (systolic blood pressure and heart rate) were similar at the start of both study days in the placebo and DHEA groups (Table  1) . Heart rate and systolic and mean arterial blood pressures were increased during day 2 hypoglycemia following DHEA administration (Table 3) .
Hypoglycemic Symptoms
Baseline autonomic, neuroendocrine, and total hypoglycemic symptom scores were similar at the start of each series of hypoglycemic studies on days 1 and 2 (Table 1) . Autonomic symptom scores were reduced during day 2 compared with day 1 hypoglycemia in the placebo group (15 6 3 vs. 20 6 3; P , 0.004). Following DHEA administration, autonomic symptom scores were similar during hypoglycemia on day 1 and day 2 (16 6 2 vs. 16 6 3).
Neuroglycopenic symptom scores were similar during all day 1 and day 2 studies. Total symptom scores were reduced during day 2 compared with day 1 hypoglycemia in the placebo group (28 6 4 vs. 34 6 5; P , 0.02). Total symptom scores were similar during day 1 and day 2 DHEA studies (29 6 4 vs. 26 6 4).
DHEA and DHEA-S Levels
Baseline DHEA and DHEA-S levels remained unchanged during hypoglycemia following placebo on days 1 and 2 (Table 4 ). DHEA and DHEA-S levels increased several fold compared with placebo following administration of the hormone during hypoglycemia on days 1 and 2 (Table 4) .
DISCUSSION
This study investigated whether high-dose DHEA can acutely preserve neuroendocrine, ANS, and metabolic homeostatic counterregulatory responses during repeated hypoglycemia in healthy humans. Antecedent hypoglycemia resulted in significant blunting of ANS (epinephrine, norepinephrine, pancreatic polypeptide), neuroendocrine (glucagon, growth hormone, cortisol), metabolic (EGP, lipolysis, glycogenolysis), and hypoglycemic symptom scores during next-day hypoglycemia. Oral DHEA given before each hypoglycemic clamp on days 1 and 2 preserved the wide spectrum of integrated ANS, neuroendocrine, and metabolic physiologic counterregulatory responses and acutely prevented hypoglycemia-associated neuroendocrine and autonomic failure. Humans (and other mammals) have sophisticated and multiple mechanisms to preserve adequate fuel for the brain. As blood glucose decreases, synchronized neuroendocrine, ANS, and metabolic mechanisms are activated to defend against hypoglycemia. Unfortunately, hypoglycemia itself causes a reduction in homeostatic counterregulatory defenses against subsequent hypoglycemia (2, 3) . Because of the complexity of preserving blood glucose delivery acutely to the brain, several mechanisms have been identified that can contribute to deficient counterregulatory responses to subsequent hypoglycemia (5). More recent animal and human studies have demonstrated that differing pharmacologic approaches can protect or even improve counterregulatory responses during hypoglycemia (11) (12) (13) 16, 29) . However, only one approach has reported a successful intervention to preserve counterregulatory responses during repeated hypoglycemia in humans (13) . In this study we used DHEA, which is interconverted into DHEA-S and has anti-GABA, antiglucocorticoid, and stimulatory N-methyl-D-aspartate and nitric oxide synthase activities (15, (30) (31) (32) (33) (34) (35) (36) , all of which would be predicted to enhance and protect neuroendocrine and ANS counterregulatory responses.
Study participants were randomized to receive either placebo or DHEA before hypoglycemic clamps on days 1 and 2 and were blinded to that randomization. Repeated hypoglycemia (2.9 mmol/L) in the placebo group blunted all key neuroendocrine, ANS, metabolic, and symptom responses on day 2 compared with day 1, whereas 800 mg of DHEA before the two hypoglycemic clamps on day 1 and 1,600 mg before the single hypoglycemic clamp on day 2 preserved the wide spectrum of all counterregulatory responses during repeated hypoglycemia. Baseline values of the neuroendocrine, ANS, metabolic, and cardiovascular parameters measured were similar at the start of the day 1 and day 2 studies in both groups. It therefore seems that DHEA was exerting effects during hypoglycemia to affect responses to the physiologic stress rather than a constitutive action to change basal neuroendocrine, ANS, and metabolic tones. In addition, the day 1 counterregulatory responses were similar between the two groups, demonstrating that DHEA did not induce an inherent acute increase or suppression of counterregulatory responses during hypoglycemia. This, in turn, provided a stable basis on which to compare the differing repeated hypoglycemia results from day 2. 
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Although all the major metabolic counterregulatory hormones were preserved during repeated hypoglycemia with DHEA, it is notable that epinephrine and glucagon responses, which are the two principal acute-acting counterregulatory hormones, were maintained following DHEA. Furthermore, norepinephrine, which serves as a biomarker for sympathetic nervous system neural activity, was in fact increased during hypoglycemia following DHEA on day 2.
The maintained epinephrine, glucagon, and direct sympathetic nervous system drive resulted in an important preservation of metabolic counterregulatory mechanisms on day 2. EGP was increased during hypoglycemia following DHEA on day 2. There was also a commensurate reduction in the glucose infusion rate needed to maintain hypoglycemia on day 2. However, peripheral glucose disposal rates were similar in the DHEA and placebo groups. This indicates that the improved counterregulatory response following DHEA was acting primarily and selectively to enhance EGP rather than limiting peripheral glucose disposal. Lipolysis was also maintained following DHEA. This allowed glycerol to be used as a gluconeogenic precursor and NEFAs to provide energy for gluconeogenesis and reduce the inhibitory action of insulin on hepatic glycogenolysis.
Although growth hormone and cortisol have limited action in the acute defense against a falling plasma glucose, it is worth noting that DHEA preserved the responses of these two hormones during repeated hypoglycemia. Pancreatic polypeptide responses were also maintained following DHEA. Pancreatic polypeptide is used as a biomarker of parasympathetic nervous system activity during hypoglycemia (37) . This indicates that DHEA is exerting simultaneous widespread acute effects on the hypothalamic-pituitary axis, the ANS, and differing systemic neuroendocrine organs (pancreas and adrenal glands) to modulate counterregulatory responses to hypoglycemia in healthy humans.
Cardiovascular responses of systolic blood pressure and heart rate were also increased during hypoglycemia followed DHEA on day 2. These effects are plausibly explained by the increased sympathetic nervous system drive following DHEA. DHEA also preserved autonomic hypoglycemic symptoms during the day 2 studies. Autonomic hypoglycemic symptoms typically originate at a glucose concentration of ;3.3 mmol/L and are an important cue to take action in the defense against a decreasing glucose value. Neuroglycopenic symptoms typically occur at threshold of ;2.9 mmol/L in healthy individuals and so provided a relatively weak experimental signal at our glucose clamps of 2.9 mmol/L (38) .
DHEA is rapidly interconverted to DHEA-S in the adrenals and other peripheral organs. DHEA-S has powerful neuro-steroidal activity, can be produced de novo in the brain, and is the major circulating DHEA metabolite (39). DHEA and DHEA-S have been classically thought to exert their physiologic roles by acting as precursors to testosterone and estradiol and then interacting with sex hormone receptors. To date, no classical individual hormone receptor for DHEA or DHEA-S has been identified. Nevertheless, recent work has identified several receptors in vitro that can interact with DHEA-S and may translate into clinical relevance (36) .
Both DHEA and DHEA-S have been reported to interact with GABA receptors to antagonize GABA effects (30) . This would likely protect counterregulatory responses during hypoglycemia, since GABA A activation has been demonstrated to reduce neuroendocrine, ANS, and metabolic homeostatic responses during hypoglycemia and exercise in humans and rodents (14, 40) . Second, DHEA has been reported to have an antiglucocorticoid action in rat models (33) . This action may also result in improved ANS counterregulatory responses during hypoglycemia, as glucocorticoids have been reported to reduce neuroendocrine and catecholamine responses to differing subsequent physiologic stress, including hypoglycemia (41) . Furthermore, Steckelbroeck et al. (42) have demonstrated that DHEA can be metabolized in the human brain by membrane bound 7a-hydroxylase enzymes to protect against the effects of neurotoxic glucocorticoids. DHEA-S has also been reported to interact with N-methyl-aspartate excitatory amino acid receptors that can enhance the effects of glutamate (32) . This seems to be relevant; recent work by Szepietowska et al. (43) demonstrated that increases in hypothalamic glutamate concentrations have the potential to increase counterregulatory responses to hypoglycemia. Finally, DHEA has been reported to stimulate nitric oxide synthase, and thus nitric oxide, via a specific cell surface receptor in vascular endothelial cells (15) . This also seems notable; recent work from Fioramonti et al. (44) reported that ventromedial hypothalamic nitric oxide production is required to detect hypoglycemia and activate counterregulatory responses.
DHEA has been used in numerous metabolic studies at doses ranging from 20 to 1,600 mg/day (45) (46) (47) (48) (49) (50) . In this study we used the highest reported dose in the literature to maximize any possible experimental signal. Although DHEA-S has been associated with a number of adverse events, none occurred in this study. DHEA-S levels increased quickly and reached plasma concentrations similar to those in previous reports using equivalent doses (47) (48) (49) (50) . A limitation of this study is that we are unable to comment on the dose-response effects of DHEA-S on the protection of counterregulatory responses during repeated hypoglycemia. Thus there is an opportunity for future work to determine whether lower doses of DHEA-S can preserve counterregulatory responses during repeated hypoglycemia.
In summary, this study determined that high-dose oral DHEA taken 1 h before repeated 2-day hypoglycemic clamps in healthy individuals can acutely preserve ANS (epinephrine, norepinephrine, pancreatic polypeptide), neuroendocrine (glucagon, growth hormone, cortisol), metabolic (EGP, lipolysis), and hypoglycemic symptom responses. These results seem to be clinically relevant. An oral adjunct therapeutic approach to maintain ANS and neuroendocrine counterregulatory responses during intensified glycemic control would be welcomed. Future studies examining the effects of DHEA on preserving counterregulatory responses and preventing hypoglycemia-associated autonomic failure in type 1 and type 2 diabetes would also be helpful.
We conclude that DHEA-S can have rapid effects to protect a wide range of ANS and neuroendocrine counterregulatory responses during antecedent hypoglycemia in healthy individuals, and to prevent the development of hypoglycemia-associated autonomic and neuroendocrine failure.
